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^^•MeS BqD Or MANUFACTURING FRCTSTOTOTTT (BP YA R N P A CKAG ES* 

^^v^ 1 / \ The invention relates to the manufacture of \^ 
yarn packages for yarns such as glass yarns, and more 
particularly to the manufacture of f rustoconical 
packages . 

5 xPty*^ Yarn packages in the form of bobbins are a 
standard means of temporarily storing yarn, in order 
subsequently for it to be fed into yarn-handling 
machines, for example textile machines. 

A bobbin of yarn is formed by combining a 
10 series of filaments into a single yarn, which is 
collected on a rotating support where it is wound up 
into a bobbin. 



obtained by molten glass flowing through orifices ij^r a 
15 bushing are drawn. Next, these filaments are coated 
with a sizing composition by a coater as to 

facilitate the fiberizing and the collecting of the 
filaments into a yarn and to increase^neir mechanical 
properties, especially upon ageing^These filaments are 

2 0 then brought together into a cpmbining device in order 

to create the yarn to be w*mnd. The yarn coming from 
the combining device is/wound around a support which 
lies in a horizontal plane perpendicular to the 
vertical plane inXwhich the yarn arrives and is driven 
25 in a rotational movement at a constant speed. Usually, 
the yarn bo be wound runs over the surface of a yarn 
guide winch is located between the combining device and 
the/'support and moves in a traverse motion parallel to 
t^e^-jreft€^ rtudiiidl d'xib u£ b^ e^ ^L fL t caJ" i ' U^ lii ^ upiJt r ^ , U . 

3 0 The bobbin of yarn thus obtained is called a 

cake. However, a cake is rarely used directly for 
feeding the yarn into textile machines for example. 
This is because textile machines operate at high speed 
and the yarn must then be easily extractable from the 
3 5 bobbin to avoid any rubbing which could cause a break, 
something which is difficult to achieve using cakes. It 
is then necessary to manufacture, from these 
intermediate bobbins called cakes, cyclindrical bobbins 
from the yarn of which is twisted. 
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However, to avoid these various steps, namely 
cake manufacture followed by unwinding, in order to 
rewind yarn that has previously undergone a twist, 
which steps are long and require numerous means, 
f rustoconical bobbins have been formed without 
manufacturing an intermediate cake, the yarn of which 
comes directly from the bushing and is not twisted. 
This is because f rustoconical shapes prevent the yarn 
from twisting and facilitate high-speed unwinding, the 
yarn being driven along the axis of the bobbin towards 
its smallest diameter and consequently moving 
immediately away from the bobbin as soon as a coil 
becomes detached therefrom. 
%}\$J Ap^A^afea ^n , - F .P , , ? ^'W»rC71 
winding yarn for the formation of a frustocon^al 
bobbin using a drawn yarn that has come directhj/trom a 
bushing and has not undergone a twisting op^ation. The 
yarn, which is taken through the yarn .gfiide, is wound 
around a support fastened at its ba>s*e to a flange and 
placed vertically, the yarn guid^moving in a traverse 
motion parallel to the lo^f^itudinal axis of the 
support. To produce the / /^rustoconical shape of the 
bobbin, the solution^^roposed is to use a drawing 
device, placed a££er the device for combining the 
filaments and a^ancer roll placed between the drawing 
device and yarn guide. The dancer roll can rotate 

freely a£f6ut its spindle, which is fastened to the end 
of a^spring- loaded arm, thereby making it possible to 

The f rustoconical shape of the bobbin, the base 
of which consists of the flange, is then obtained by 
giving the speed of rotation of the drawing device a 
constant value and by slaving the speed of movement of 
the yarn guide and the speed of rotation of the 
support. 

However, such a solution requires a novel 
structure of the implementation device by, on the one 
hand, winding the yarn onto a support placed vertically 
and, on the other hand, using a drawing device and a 
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dancer roll. The existing structures therefore have to 
undergo significant technical modifications, requiring 
some financial investment which is not negligible in a 
manufacturing plant . 
5 Furthermore, the addition of a flange to the 

base of the support is not without problems as regards 
precision in depositing the yarn in this region. Thus, 
the yarn at the flange may either be laid down in an 
excess amount, which, when unwinding it, results in 

10 take-up as a packet, causing the yarn then to break, or 
be laid down in an insufficient amount, which then 
causes fraying of the yarn when unwinding it, caused by 
it being pinched between various layers of coils. 

Finally, for bobbins of this type, the yarn of 

15 which has not undergone a twisting operation and is not 
wavy, it is common to encounter yarn damage problems 
since the crossover of the non-twisted yarn, that is to 
say the angle between two intersecting coils, is not 
large enough. This is because when this angle is too 

20 small, should a filament of the yarn be pinched between 
two coils of the bobbin, the continuity of the 
unwinding operation will result in the loss of one or 
more filaments from the yarn at the pinching point, 
resulting in the deterioration of the yarn and the 

2 5 .formation of a ring by filament accumulation. 
'Jfy/ To avoid these unwinding problems, it may be 

preferable to have a f rustoconical bobbin whose two 
f rustoconical ends, namely the base end and the unwind 
end, have different generatrices, that is to say 

30 different base and unwind angles with respect to the 
axis of the bobbin. Patent JP 10-218,489, although an 
application different from a glass yarn package since 
it relates to a feed pirn for cabling or braiding 
machines, shows such a bobbin shape and describes its 

35 method of formation. The bobbin is constructed in four 
steps, which correspond to four successive parts of the 
bobbin: the first part consists of the bottom part of 
the pirn and represents at most half of the height of 
the package - it is preferably much less than half of 
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the package, the angle of this f rustoconical base with 
respect to the axis of the bobbin being between 16 and 
22°. The second part is obtained by means of layers 
which are parallel to those of the first part and have 
the same length, but the thickness of the layers 
decreases because of an acceleration of the movement of 
the reversal points towards the top of the pirn. The 
third part, constructed in layers which are parallel 
but are inclined differently from those deposited in 
the first and second parts, produces entirely the 
unwind cone, the final angle of which, with respect to 
the axis of the bobbin, is less than that of the base 
cone. Lastly, the fourth part is aimed at terminating 
the main body of the bobbin in a cylindrical form, by 
rapidly moving the bottom reversal point closer to the 
top reversal point . 

However, this method requires, on the one hand, 
four separate winding steps and, on the other hand, a 
change of inclination at which the layers of yarn are 
deposited during these steps, something which does not 
simplify its implementation. 

In addition, this winding method produces an 
angle of build of the first layers with respect to the 
axis of the bobbin which is too great for a winding 
operation such as that desired, namely the winding of 
glass yarn coming from a bushing. This large angle of 
build creates large circumferential variations between 
the circumference of the base cone and the 
circumference obtained at the end of the first step of 
the method; now, when winding glass yarn whose drawing 
speed must be kept constant in order to keep the yarn 
count constant, such circumferential variations would 
impose consequent variations in the speed of the bobbin 
support both when it is accelerating and when it is 
decelerating, something which is not easily achievable 
physically . 

Moreover, in this method the component for 
guiding the yarn for its deposition consists of a 
guiding eyelet which moves parallel to the axis of the 
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rotating bobbin support. However, this guiding mode 
cannot be envisaged for guiding a glass yarn for the 
purpose of winding it, particularly a yarn coming 
directly from a bushing. This is because, in the event 
5 of breakage of the filaments coming from the bushing, 
it would prove to be too complicated to restart the 
winding operation; it is too difficult after collecting 
the filaments to pass them again through the eyelet, 
which has a closed circumference. It is also impossible 
10 with an eyelet to transfer the winding of the yarn from 
one bobbin onto another bobbin without having to break 
the yarn, which impairs the optimization of the 
production times. 

Furthermore, the eyelet has an opening, for 
15 passage of the yarn, which is much too large compared 
with the diameter of the said yarn for allowing precise 
guiding of the yarn deposition. 

The object of the invention is therefore to 
obviate the aforementioned drawbacks and to provide a 
2 0 method of obtaining a f rustoconical bobbin which has 
good mechanical strength and can be easily unwound, the 
winding taking place in a horizontal plane without 
requiring significant modifications to the conventional 
means of implementation already existing. 

winding a yarn in superposed layers onto a cylindrical 
support of longitudinal axis x and fastened ajffund a 
spindle driven in a rotational movement, in/tfnich the 
yarn is wound by running over a yarn guidjerwhich moves 
30 with a traverse motion parallel to tjae x axis of the 
support and is controlled so as to^rorm a bobbin whose 
shape has two f rustoconical en<3s called the base cone 
and the unwind cone respectively, having respective 
generatrices which areymclined with respect to the x 
35 axis at two different respective acute angles, and a 
main body of f^dstoconical shape which joins the two 
f rustoconical: ends and the two end sections of which 
form ike two bases of the respective two cones base and 
im^ffl^gnnpc; wi hh different diamef 
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rules governing the movement of the yarn guide, ^^a>»#rrst 
rule which is used to form part of the hdffecone, the 
last layer of yarn deposited acciietJ^ng to 
rule going as far as the 



second rule which 
cone that has 
the main 
yarn jsf^pos 
pag^llel 



cone, 
this first 
f the unwind cone, and a 
sed to terminate the said base 
started and, concomitantly, to form 
and the unwind cone, the first layer of 
ited according to the second rule being 
to the last layer deposited according to the 



JlAprt^ TYcooTQjii rKT- ^to one characteris t ic -^ r^^p 

invention, the first rule governing the movemen£^o*r the 
yarn guide consists in establishing trajterrse motions 
parallel to the axis of the suppor^krecween an initial 
position (x 0 ) and a ^^^jjp&fir^ pos i t i on (x 2 ) which 
correspond, in prpj ^efion perpendicular to the support, 
le end sections of the bobbin respectively, 



20 a starting position (Xj) , of which that one for 

the first movement is the initial position (x 0 ) 
and that one for the following movements is a 
position to the rear of the starting position 
for the previous movement and always to the 

25 front of the final position (x z ) , the position 

for the last movement being dictated by the 
value of the diameter Dl desired for the base 
cone to be formed, 

an intermediate position (xi) for reversal of 
30 the yarn guide, which position always lies to 

the rear of the intermediate position for the 
previous movement and lies to the front of the 
final position (x z ) , and 

an ending position (x^i) which constitutes the 
35 starting position for the following movement, 

the last movement according to this first rule 
not causing a reversal since the last intermediate 
position which then corresponds to the final position 
(x 2 ) . 
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The successive starting positions (x-j) according 
to the first rule are separated by an equal distance 
(5) , and the successive intermediate reversal positions 
(xi) according to the first rule are defined by the 
equation x ± = x 0 + iA, where A is a constant which 
depends on the slope to be given to the generatrix of 
the main body. 

We should point out that, throughout the 
description, the words "front" and "rear" assigned to 
the term "position" are defined with respect to the 
positive direction of movement of the yarn guide from 
the position x 0 to the position x z . 

rule governing the movement of the yarn guide cor^fsts 
in executing traverse motions parallel to tljp-^axis of 
the support, between an initial n^ition which 
constitutes the final position (£ B -K - "of the yarn guide 
according to the first ru^aff^a terminal position (x c ) 
which lies betweentjje-^rinal position (x z ) according to 
the first rulp-r^and which is dictated by the value of 
the diame^fer D2 desired for the unwind cone to be 
forme^r and the starting position for the last movement 
according to the first rule, each traverse motion being 

- a starting position (x k ) , of which that one for 
the first movement is the final position (x z ) according 
to the first rule and that one for the following 
movements is a position to the rear of the starting 
position for the previous movement, 

an intermediate position (x m ) for reversal of 
the yarn guide, of which that one for the first 
movement is the ending position that the yarn guide 
ought to have assumed if it had reversed the movement 
at the final position (x z ) according to the first rule, 
and 

an ending position (x k +i) which constitutes the 
starting position for the following movement, 

the starting and ending positions for a 
movement always being to the front of those for the 
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previous movement so that each movement is shortened in 
terms of travel . 

The successive starting positions (xj according 
to the second rule are separated by an equal distance 
5 (5' ) , and the successive intermediate reversal 
positions (x m ) according to the second rule are spaced 
apart by the same distance (5) as that separating the 
successive starting positions (Xj) according to the 
first rule. 

10 According to another characteristic, the yarn 

guide is moved concomitantly with the movement parallel 
to the X axis in a coplanar movement perpendicular to 
the X axis so that the resulting movement is parallel 
to the generatrix of the main body. Thus, the thrown 
15 length remains constant for as precise a deposition of 
the yarn as possible. 

According to an advantageous characteristic, 
the wound yarn has a waviness so that the crossover 
angle between two coils is between 0.5° and 6°. 
2 0 The advantage of creating a waviness in the 

yarn is that it allows the crossover angle to be 
optimized so as to reduce the risk of forming rings 
when unwinding it. 
t)**f This method is advantageously applied for 

2 5 winding glass yarn coming directly from a bushing. 

Other features and advantages of the invention 
will appear on reading the description which follows, 
with reference to the drawings in which: 

Figure 1 is a longitudinal sectional view of 

3 0 the bobbin according to the invention on its 

package support; 

Figures la to Id illustrate several examples of 
f rustoconical bobbins according to the 
invention; 

35 - Figure 2 illustrates two intersecting coils of 

yarn; 

Figure 3 shows a schematic view of a plant 
allowing the method according to the invention 
to be implemented; 
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Figure 4 shows a side view of a yarn guide 
consisting of a cam through which the yarn 
runs ; 

5 - Figure 5 shows various positions taken by the 

yarn guide along its axis of movement parallel 
to the support, combined with a longitudinal 
partial sectional view of the bobbin. 
^tfwFigure 1 shows a f rustoconical bobbin 10 
10 produced according to the invention, obtained by 
winding a yarn around a cylindrical support 2 0 of 
longitudinal axis X, the support being without any 
flange at its ends. The wound yarn is glass yarn for 
example . 

15 The bobbin 10 comprises a bobbin body 11 of 

f rustoconical shape and two truncated cones 12 and 13 
located respectively at the two longitudinal opposed 
ends of the bobbin, on each side of the bobbin body 11. 

The bobbin body 11 has a base 11a of diameter 

20 Dl and a terminal section lib of diameter D2 less than 
the diameter Dl , the generatrix LI of the f rustoconical 
body 11 thus being inclined with respect to the X axis 
at an angle 9. 

The end truncated cone 12 formed firstly during 

25 the winding operation will be called hereafter the base 
cone. It has a base 12a consisting of the base 11a of 
the bobbin body 11 of diameter Dl and a termination 
12b, the diameter of which corresponds to that of the 
support 20. The truncated cone 12 has a generatrix L2 

30 whose slope makes an acute angle a with the surface of 
the support 20 or with the X axis. 

The second end truncated cone 13 will be called 
the unwind cone since, its cross section always being 
smaller than that of the base cone, the unwinding will 

35 take place from that cone in order to make it easier 
for the yarn to be detached from the bobbin. The unwind 
cone 13 has a base 13a consisting of the terminal 
section lib of the bobbin body 11 of diameter D2 and a 
termination 13b whose diameter corresponds to that of 
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the support 20. The truncated cone 13 has a generatrix 
L3 whose slope makes an acute angle P with the surface 
of the support 20 or with the X axis, the value 
of 3 being independent of that of the angle a. 

The generatrices L2 and L3 of the base 12 and 
unwind 13 cones are therefore inclined with respect to 
the X axis in opposite directions in order to be joined 
to the generatrix LI of the f rustoconical body 11. 

The bobbin 10 thus formed from three truncated 
cones makes it possible to increase its mechanical 
integrity as well as to improve the quality of the 
unwinding operation and consequently to preserve the 
properties of the yarn as far as possible, these being 
especially its integrity and its tensile strength. This 
end product furthermore is very easy to use during 
subsequent conversion of the glass fibre. 

The base cone 12 constitutes the place where it 
is possible to build up the most yarn on the package, 
contributing to increasing the weight of the latter. 
Thus, the angle a may be as close as possible to the 
perpendicular to the X axis, up to a limit which 
defines the occurrence of sloughing-of f during winding 
or during transportation. Advantageously, the angle a 
will.be between 40° and 75° with respect to the X axis. 

The angle P of the unwind cone 13 mainly 
affects the retention of the coils at the point where 
the yarn guide reverses, also called the reversal 
point; the angle p will preferably have a value of 
between 30° and 60° with respect to the X axis. 

Values of these angles are also chosen 
according to the quality of the sizing composition 
which makes the surface of the fibres slippery. 

Figures Id to Id illustrate the combination of 
the various values of the angles a and P for several 
bobbin lengths. The length of the bobbin between the 
terminations 12b and 13b may vary between 150mm and 
500 mm, and preferably between 180 mm and 400 mm. 



1. 0 O Z A !E 7' H« „ O S O A O E!! 



- 11 - 

The ease of unwinding already provided by the 
f rustoconical shape of the bobbin is demonstrated by 
characteristics specific to the wound yarn. 

Thus, as illustrated in Figure 2, the wound 
5 yarn 50 comprises coils 52, two adjacent coils of which 
intersect at a crossover angle y, and has a waviness 51. 
How these characteristics are obtained will be 
explained later. 

The winding method according to the invention, 
10 allowing a bobbin such as that described above to be 
manufactured may be employed within the context of a 
plant which is illustrated schematically in Figure 3. 

The plant comprises a bushing 30 supplied with 
glass via a feed supply (not shown) . 
15 The bushing may be fed with cold glass, 

obtained and stored in the form of balls in a hopper 
placed above the bushing, the bushing then being heated 
in order to remelt the glass, or may be fed directly 
with molten glass, the bushing also being heated in 
20 order to maintain the glass at a sufficient temperature 
so that it reaches the viscosity suitable for drawing 
it in the form of continuous filaments. 

The molten glass flows vertically through a 
multiplicity of orifices, such as the teats 31, and is 
25 immediately drawn into a multiplicity of filaments 40, 
which are collected here into a single sheet 41. 

This sheet 41 comes into contact with a coater 
32 intended to coat each filament with a sizing 
composition of the aqueous or anhydrous type. The 
30 device 32 may consist of a tank permanently fed with a 
sizing solution and of a rotating roller, the lower 
part of which is constantly immersed in the solution. 
This roller is permanently covered with a film of 
sizing composition which is picked up by the filaments 
35 40 as they pass, sliding over its surface. 

The sheet 41 then converges on a combining 
device 3 3 where the various filaments are combined to 
create the yarn 50. The combining device 33 may consist 



»"■" "»"" -»* « «• *~t* „,„»• 'U-f .„„,.' 



- 12 - 

of a simple grooved pulley or of a plate provided with 
a notch. 

The yarn 50 on leaving the combining device 33 
enters a yarn guide 34, such as a cam, to be wound 
around the support 20 placed in a horizontal plane with 
respect to the vertical entry of the yarn into the yarn 
guide. The yarn, coming directly from the bushing, is 
therefore wound without any intermediate step such as 
the prior manufacture of a cake. 

The support 20 is fastened to a spindle 21 
which is driven in a rotational movement. The support 
20 is advantageously hollow, its internal shape 
matching the external shape of the spindle 21 and its 
internal cross section being somewhat greater than the 
cross section of the spindle, in order to be slipped 
over the latter and to be held gripped around it by a 
spindle expansion device (not visible) . 

The spindle 21 is rotated by a motor 22, the 
drive speed of which can be adjusted. 




The yarn guide 34 is fastened to the end of a 
moveable arm 3 5 controlled by an electronic drive 
device 36. 

A control device 37, such as a programmable 
controller, is provided for controlling the movement of 
the moveable arm 3 5 and the speed of movement of the 
yarn guide 34 and the speed of rotation of the spindle 
21. 

The speed of rotation of the spindle 21 and- the 
speed of linear movement of the yarn guide 34 parallel 
to the X axis may vary. These speed variations may be 
employed optionally, depending on the desired quality 
of the yarn after winding. The speed of rotation of the 
spindle is dictated by the bushing output rate and the 
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desired linear density of the yarn. As regards the 
speed of the yarn guide, this has an influence on the 
quality of the unwinding. 

It is known that the linear density of the yarn 
5 corresponds to the ratio of the bushing output rate to 
the yarn drawing rate. It is always desirable for the 
linear density to be constant so that the wound yarn is 
of uniform quality in terms of mechanical behavior. 
However, the variation in cross section of the bobbin 
10 10 necessarily means that there is a variation in the 
drawing rate. In order for the linear density to be 
constant, it is therefore necessary to keep the drawing 
rate constant assuming that the bushing output rate 
remains constant. The yarn guide has no effect on the 
15 drawing of the yarn, the drawing rate depending only on 
the speed of rotation of the spindle. The speed of 
rotation of the spindle 21, and therefore of the 
support 20, is therefore varied so that the yarn always 
encounters a surface whose peripheral speed is 
2 0 approximately constant. 

The constancy of the yarn linear density is 
controlled by programming the drawing rate imposed by 
the speed of rotation of the spindle 21 and according 
to the position of the yarn guide corresponding to a 
25 given cross section of the bobbin. 

Thus, by suitably varying the speed of rotation 
of the spindle according to the cross section of the 
bobbin, it is possible to keep the linear density of 
the yarn constant. 
30 On the other hand, if no variation is imposed, 

the linear density of the yarn varies about a median 
value, the amplitude of the variation depending on the 
angle 0 of the generatrix LI with the X axis. 

As regards the speed of movement of the yarn 
35 guide, this can therefore also vary. By varying this 
speed, the angle 0 of the generatrix LI with the X axis 
is maintained during winding, thereby making it 
possible for the unwinding properties to be kept 
constant whatever the position of the yarn. 
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On the other hand, if no variation is imposed, 
the angle 0 decreases during winding, which may result 
in a reduction in the quality of the unwinding to the 
outside of the bobbin. 
5 The yarn guide 34, as we have already 

mentioned, preferably consists of a cam as illustrated 
in Figure 4. 

This cam has a continuous groove 34a along 
which the yarn 50 runs. The groove is of helicoidal 
10 general shape and has at least two sections 34b and 34c 
of opposite respective slopes. 

The cam has a pitch p which corresponds to the 
width, measured parallel to the axis of rotation, 
between the two points at which the yarn passes 
15 tangentially over a section, at which points the 
curving of the yarn takes place. This pitch determines 
the amplitude given to the waviness of the yarn. 

The helicoidal shape of the groove makes it 
possible, during winding, to give the yarn a waviness, 
2 0 the number of sinusoids of which over one coil and 
their width depend on the pitch p of the cam and on the 
speed of rotation of the latter. 

The periodicity of the waviness, that is to say 
the number of sinusoids, acts on the number of 
25 crossovers of the yarn when several layers of coils are 
superposed. The proportion of crossovers must 
advantageously be balanced. This is because, the 
greater the proportion of crossovers the better the 
mechanical integrity of the bobbin and better the 
30 unwindability ; but, on the other hand, for equivalent 
weight of yarn, the overall size of the bobbin 
increases, something which is a problem when 
transporting it and which reduces the length of yarn 
available for weaving operations such as warping. 
35 Thus, the speed of rotation of the cam is 

adapted in order to establish a suitable periodicity of 
the waviness. This speed may be defined with respect to 
the drawing rate of the yarn - it varies between 
-10% and +30% of the value of the drawing rate and 
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value 



of the drawing rate 



preferably between the 
and +15% of this value. 

Not only do the crossovers prevent slippage of 
a coil from one of the layers on the coils of a lower 
layer, thus achieving better mechanical integrity of 
the bobbin once it has been formed and making it easier 
for the yarn to be unwound, but the crossover angle y 
also helps in the precision of cone formation and 
prevents the last coil of the bobbin becoming free. 

Furthermore, since the crossover angle and the 
waviness establish the length of free coil formed in 
the package, this length should be short in order to 
avoid the risk of the yarn tearing when it disengages 
from the coils around the unwind cone when rubbing 
phenomena occur, such as that of double ballooning. 

The mean value of the angle y depends on the 
speed of movement of the yarn guide 3 4 parallel to the 
X axis and on the speed of rotation of the spindle 21. 

As regards the actual value of the angle y at 
each crossover point, this also depends on the 
combination of the movement of the yarn guide and of 
the position of the yarn caused by the position of the 
yarn guide at the moment the yarn is deposited on the 
package surface. 

A suitable mean value of the crossover 
angle y is preferably between 0.5° and 6°. 

is based on the traverse motion imposed on th^^arn 
guide 34. It is decomposed into two s teps^^cording to 
two respective rules governing th^ rttgvement . the first 
creating part of the genejsa*t?rix L2 of the base cone 12 
and the seconci£^a?!Tffnating the generatrix L2 , and then 
simultane^^'Cfsly forming the generatrices LI and L3 of 



The first step consists in moving the yarn 
guide between an initial position x 0 which corresponds 
to an end position of the bobbin for which the first 
coil of the bobbin is wound, that is to say the 
position of the termination 12b of the base cone 12, 
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and a final position x z which corresponds to the 
position of the opposite end of the bobbin, that is to 
say of the base 13b of the unwind cone 13 . 

5 p e r f orms ^seve^a^^ ^ H ^ ^ P -^^^*^^^ 1 ^^^^ 

comprises a — p— i 1 ai towards the 
posi^Qjfx, and a return travel Ri towards the initial 

The first movement di comprises the forward 

10 travel ai and the return travel Ri, the forward travel 
ai starting from the initial position x 0 and ending at 
the position xi such that xi = x 0 + A, and the return 
travel Ri starting at the position xi and ending at the 
position x 0 + 6, the yarn guide not returning to the 

15 initial position x 0 . 

The second movement d 2 comprises the forward 
travel a 2 and the return travel R 2/ the forward 
travel a 2 starting at the last position of the yarn 
guide xo + 5 and stopping at the position x 2 to the rear 

20 of the position xi, such that x 2 = x 0 + 2A, and the 
return path R L starting at the position x 2 and stopping 
at the position x 0 + 25. 

The penultimate movement d z _i will comprise the 
forward travel a 2 _i and the return travel R z _i, the 

25 forward travel a z _i starting from the final position 
x 0 + (2-2)5 of the return travel of the previous 
movement and stopping at the position x z _i, such that 
x z _i = x 0 + (z-l)A, and the return path R z _! starting at 
the position x z _i and stopping at the position x 0 + (z- 

30 1)5. 

The final movement d z will comprise only a 
forward travel a z and no return travel, the forward 
travel a z starting from the final position x 0 + (z-l)5 
of the return travel of the previous movement and 
35 stopping at the final position x z , such that 
x z = x 0 + zA . The starting position x 0 + (z-l)5 of the 
final movement is defined according to the desired 
value of the diameter Dl of the base cone. 



a starting position Xj = xo + j5, where j varies 
from 0 to (z-1) and z is a non-zero integer, 
an intermediate reversal position, or position 
for the return in the opposite 

direction, x ± = x 0 + iA, where i varies from 0 
to z, z being a non-zero integer, and 
an ending position constituting the next 
starting position x j+ i = Xj + 5 = x 0 + ( j + 1 ) 5, 
the last movement of this first step corresponding to a 
travel as far as the position x 2 without return in the 
opposite direction. 

The fact of not returning to the starting 
position of the previous movement makes it possible to 
build part of the generatrix L2 of the base cone 12 . 

The value of 5 corresponds to the 
angles a and P that it is desired to give the base and 
unwind cones . 

The constant positive value of A depends on the 
slope that it is desired to give the generatrix LI and 
therefore depends on the value of 5. The smaller the 
value of A, the larger the angle 8 of the generatrix LI 
with the X axis. This value A is chosen so that the 
angle 0 is between 0.5° and 5° and preferably between 
0.75° and 3°. 

For the second step, the yarn guide 34 performs 
traverse movements between the position x z occupied at 
the end of the first step and a terminal position x c for 
which the desired diameter D2 of the base 13a of the 
unwind cone is reached. 

Each movement comprises a forward travel 
starting at a position x ;< and a return travel starting 
at an intermediate reversal position x n and stopping at 
an ending position x k *i, the yarn guide always stopping 
to change direction at a position to the front of the 
position occupied at the start or at the end of the 
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previous movement. The forward and return travels 
therefore decrease in length in both directions. 

Thus, the first movement comprises a forward 
travel starting at the position x k = x z and ending at 
the position x 0 + (z-l)5 + 5, or x 0 + 28, where 
x 0 + (2-1)5 corresponds to the starting position of the 
last movement of the first step, and a return travel 
starting at the position x m = x 0 + 28 and finishing at 
the position X)c +1 = x z -8*. 

At the next movement, the forward travel starts 
at the position x z -S\ ends at the intermediate reversal 
position x 0 + 28 + 8 and moves away again as far as the 
position x z -2S'. 

As the forward and return travels of the yarn 
guide proceed, the bobbin body 11 and the unwind cone 
13 form. The final movement of the yarn guide 34 is 
programmed so that it stops at the position x c , which 
corresponds to the position x z -t5\ for which the 
desired value of the diameter D2 is reached. 

The value of 8' depends on the angles 
a and (3 that it is desired to give the base and unwind 
cones, 8' generally being greater than 8. 

The movements of the second rule may therefore 
be defined by: 

a starting position x k = x z -n8\ where n varies 
from 0 to t and t is a non-zero integer, 
an intermediate reversal position 

x m = (x 0 + 28) + pS, where p varies from 0 to 
(t-1), and 

an ending position constituting the next 
starting position x k = x k -8' . 

We have explained that the yarn guide is driven 
with a motion M parallel to the X axis. It turns out 
that this motion in this single direction may entail a 
few difficulties which we will now explain and which, 
nevertheless, can be resolved by employing optional 
characteristics of the method depending on the desired 
quality of the winding. 
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The variation in cross section of the bobbin, 
particularly a decreasing cross section at the body 11 
and the unwind cone 13, creates, when the yarn guide 
moves at a constant rate, as the cross section 
5 gradually decreases, a very substantial increase in the 
thickness of the bobbin, which is manifested, at the 
end of the winding operation, by a decrease in the 
angle <p between the generatrices LI and L3 , an angle 
which may be greater than 1°. This is because, assuming 

10 that the bushing outputs a constant amount of glass per 
unit of time while the yarn guide is moving at a 
constant rate, an identical mass of glass per unit of 
time is then deposited on the suppport; however, since 
the cross section of the bobbin is not uniform, a 

15 larger amount of yarn is deposited as the cross section 
decreases . 

Furthermore, as the cross section decreases, 
the distance separating the yarn guide from the surface 
of the bobbin, a distance usually called the thrown 

20 length, increases, thereby increasing the precision 
with which the yarn is deposited, which means, on the 
one hand, that the package is less stable, particularly 
on the unwind cone side, and, on the other hand, that 
the quality of the unwinding suffers. 

25 To ensure constant precision of yarn 

deposition, it is more advantageous when carrying out 
the method to perform, at the same time as the motion M 
parallel to the X axis, a motion N perpendicular to the 
X axis towards the bobbin being formed, in order to 

30 compensate for the variation in thrown length, the sum 
of the movement M and N corresponding to a movement 
parallel to the generatrix LI so that the thrown length 
remains constant. 

This motion N , perpendicular to the X axis in 

35 the same horizontal plane as that of the motion M, is 
accomplished by controlling the moveable arm 35. 
J^j^ T*« — movements — are — p ui furu iLu ^by means Utj 
moveable — errm" 3^r, — ttre moLioir^of which is controlled by 
the <e/[ prfrnni-c — device - — 3-6^_As a variant- , -—arte — would — ^ 
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